Linkage of individual records on a national scale has broadened the scope for health statistics from univariate tabulations, such as occupational mortality statistics,1 to mapping of disease patterns by combination of variables, such as region, housing and social class.2 A multivariate analysis provides a potential for the identification of high and low risk groups in the population. It goes beyond the univariate analysis performed for example by means of the Standardised Mortality Ratio (SMR), which has been extensively .used as a summary index for identification of high and low risk groups. Breslow & Day3 suggested refinement of the SMR calculation by fitting a multiplicative model to the two-dimensional table of age-specific rates. Keiding & Andersen4 suggested the use of multiplicative models when several variables are considered simultaneously in the analysis of routine statistics data. This may be particularly useful in the study of diseases where little is known about the aetiology.
In Denmark the cohort of persons aged 15-74 years at the 1970 census has been followed up for death, emigratlons and cancer cases over a 10-year period, and cancer incidence rates can be calculated for subgroups defined by combinations of census variables.5 Colo-rectal cancer is a quantitatively important disease in Western countries, and in Denmark it constitutes 13% of all cancers with some 3100 new cases per year in a population of 5 million. 6 Despite indications that dietary factors may be important, firm evidence on colo-rectal cancer aetiology is missing. 7 We have therefore considered it useful to examine the cross-linked census and cancer incidence data to search for groups with high and low risk of colo-rectal cancer in the Danish population. Cancer of the right side of the colon, the left side ofthe colon, and of the rectum were analysed separately, as previous studies have demonstrated a different age and sex distribution for cancer of these subsites of the large bowel.8
Materials and methods
Population-based cancer incidence data are available for Denmark since 1943. At the 1970 census, the Central Bureau of Statistics collected data on all individuals residing in Denmark on sex, age, municipality, occupation, industry, education, kind of dwelling, dwelling facilities, marital status, and household composition. Information on occupation was collected only for economically active persons. 9 The Cancer Registry file was linked to the 1970 census file based on the personal identification numbers. The population considered in this study consists of all inhabitants in Denmark who were 30-74 years old on the census date, and who had not developed cancer of 249 Anders Mellemgaard, Gerda Engholm, and Elsebeth Lynge a given site in the colon or rectum on the census date. The study comprises approximately 2-5 million persons and 20 000 incident cancer cases.
Colo-rectal cancer cases were divided into three diagnostic groups; cancer of the right side of the colon (caecum, ascending colon, transverse colon, and the splenic and hepatic flexures), cancer of the left side of the colon (the descending colon, the sigmoid flexure, sigmoid, and rectosigmoid), and cancer of the rectum. Five per cent of the recorded cases were excluded from the analysis since the subsite in colon was unspecified, or the tumour was a carcinoid or a sarcoma. Figure 1 shows the sex-and age-specific incidence of the three sites examined.
Person-years at risk and incident cancer cases were tabulated for subgroups defined by combinations of the census variables shown in table 1 Exc.4
Notes: Exc. = excluded in analysis; I only aye 30-64 years; 2 longer education includes university education and other professional education, eg school teacher; 3 the two groups together are used as the baseline; excluded when occupation is included in analysis, but included in the analysis for ages 30-74. significant effect, only estimates for parameters and goodness-of-fit for the resulting model under data set 2 are shown.
Results Table 3 shows the final models. Table 4 shows the tests for goodness-of-fit and for excluding factors from the models. Table 5 shows the estimated relative risks with the 95% confidence intervals. All interactions between the individual factors in the model and some of the individual factors themselves were tested to be nonsignificant. All tests for goodness-of-fit for the final models were accepted.
RIGHT SIDE OF THE COLON
Type of dwelling was a risk factor both for men (deviance = 4-3, 1 df, p = 0-04) and for women (deviance = 22; 1 df, p < 0-001), with an estimated risk of living in an apartment house relative to living in a Figure 2 shows the observed age-specific incidence rates for the high and low risk groups among men and women found in the analysis for the three diagnostic The gradient found for men in the risk of colon cancer relating to occupational group might also reflect aetiological factors concerned with the general social status and living conditions. The fact that a similar gradient was not found for women might reflect the finding that 70% of the economically active women in 1970 were married, and their overall social status may also be influenced by the occupation of their husbands. Information on husband's occupation was not available for the analysis.
Living in an apartment house was a risk factor for developing cancer ofthe right side of the colon in both men and women, and for cancer of the rectum in men. The univariate analysis showed no effect of toilet facilities on the incidence of colo-rectal cancer, but while almost all dwellings had proper toilet facilities in 1970, 17% of the dwellings had no facilities in 196024. It may be speculated that living in an apartment reduces the physical activity in daily life, and that toilet habits and thereby gut mobility will be influenced by living in an apartment without toilet facilities.
The multivariate screening ofthe health statistics on colo-rectal cancer, carried out in the present study, has thus shown that the widest variations in the incidence for cancer ofboth sides ofthe colon are found for men; and it has focused attention on the life style of farmers versus that of more highly educated men living in urban settings as the most promising field for search for aetiological factors. The incidence of colon cancer 255 in the male work force would be reduced by 27% if they all had the incidence estimated for farmers in the present study. If this reduction is extrapolated to all men in all age groups the total of 950 colon cancer cases seen annually in Danish men would be reduced to 700.
